The paper is focused on a thermo-optical plant that is used for experimental work at Faculty of Electrical Engineering and Information Technology STU in Bratislava. Our attention was dedicated to one approach of its remote control. There was created the Java client-server application that enables to connect the graphical user interface with the Matlab engine running on the server.
INTRODUCTION
Experiments play a very important role in the process of education. They enable to understand better the topic they are related to. Except of the theory students need to master various practical problems. Numerical calculations can be supplemented by interactive exercises, tasks, simulations and real experiments that result from real situations. The main motivation for using plants in the educational process is the clear physical "visibility" of the controlled dynamics, and also the necessity to exercise all design steps starting with the plant identification and ending with the evaluation of control results achieved with the particular model. The presented plant enables to exercise all these steps of the control design.
The problem can be brought by a question how to make an experiment available to all students in the time when they need it. Building of virtual and remote laboratories helps this direction. In addition, this type of experimentation facilitates resource sharing among various institutions and improves national and international cooperation. Difference between virtual and remote laboratories consists in the fact that while in virtual laboratory all the experiments are only simulated, in remote laboratory students are able to control the real experiment from a remote computer.
In engineering education providing hardware components of existing laboratories via the Internet creates a base for establishment of remote laboratories. Sometimes it can seem that such experiments are similar to simulation techniques because they require minimal space and time. These experiments can usually be rapidly configured and run over the Internet. However, in difference to simulations, they provide real data. The paper demonstrates one approach to establishing the remote control to the thermo-optical plant.
PLANT
The introduced thermo-optical laboratory plant uDAQ28/LT (Fig.1 ) presents a system that enables to control two physical variables -the temperature inside a plastic cylinder and a light intensity.
-2-The plant [Huba, 2008] has three inputs -the bulb voltage (the heat & light source), the ventilator voltage (system cooling) and a light diode voltage (the second possible light source). Except of these 3 input voltages there exist still two parameter inputs for adjusting the sampling period and the time constant of the built in derivative filter. The user can use eight measured outputs: the system temperature measured by PT100 sensor, the light intensity (both measured directly, or with a preliminary filtration by the filter of the 1 st order) and its derivative, the ambient temperature, the current and the speed of the ventilator rotation. The whole plant is supplied by 12V/2A DC external adapter. The advantage is that the whole system can communicate with a computer via USB interface. No special card is required. Since the USB port can be usually found on all today's computers including notebooks, the introduced equipment can be easily wide-spread.
The communication with the computer runs over the string exchange. The data transfer rate is 250kbit/s. The plant is shipped with the driver for Matlab/Simulink environment and therefore control algorithms can be easily set via this programming tool. The next benefit consists in the fact that thanks to the plant construction the Matlab simulation scheme doesn't need to be compiled. It enables that the control algorithm can also be written using a common "Matlab Fcn" block that can be found inside of Simulink. The plant enables to use a sampling period 40-50 ms whereby considering the dynamics of the presented system 1 second should be sufficient for its quasi-continuous control.
Even though the user can measure 8 variables, students usually do not use all of them. They control the temperature inside the plastic cylinder that is influenced by the bulb heating and the ventilator cooling. In spite of the fact that both these variables can be used for control in the same time together, the plant is very often controlled only by the bulb voltage whereby the ventilator is considered as a disturbance factor. Another possibility is to control the light intensity that can be influenced by the voltage on the light diode.
As it is possible to see the introduced plant offers a big variability of experiments that can be accomplished. In addition, except of control students have to solve tasks that are connected with plant identification, input-output data manipulation and communication with outer computer environment.
REALIZATION
The basic problem that has to be solved at building online experiment is to find a way for communication between remote client and technological equipment (Fig.2) . Actually, for accomplishing the remote control of experiment it is necessary to create two applications: application for the server and application for the client. For simplicity we can consider that the remote client is a typical Internet user with Internet browser and the technological equipment is the controlled plant -in our case the thermo-optical plant. 
Server Side
The server part can be solved by several ways. One approach comes out from the fact that interaction with Matlab is accomplished via built-in API libraries that can be exploited by means of Java programming language. This object oriented language can be easily integrated into web server. In addition, it supports multi-thread communication that enables to run several Matlab applications. Stefan Mőller introduced JMatLink library that can be used for remote control of Matlab applications. JMatLink enables to use MATLAB's computational engine inside our own Java applications, applets or servlets. This dll library is programmed in C language that using ActiveX tool approaches data and services of Matlab (Fig.3) . The library is implemented in the class of Java language that has the same name (JMatLink.class). In the case that Java is used for development of an own application one has available all methods of the mentioned class. JMatLink uses a multi-threading approach to improve performance and handle multiple Matlab sessions at a time. The created Java based server application was tested on PC with Matlab v.6.5 and Matlab v.7.0. The server that takes care for communication with Matlab has to be supplemented with the web server where the client application is placed. We decided to use Apache Tomcat 6.0 server with the support of PHP programming language.
Client Side
The client application is dynamically generated by the web server. It serves for the user interaction with the remote system. Except of PHP we also used AJAX approach that enables asynchronous modification of the web page.
For the client side we developed an application that enables to put virtual and remote experiments on the web (Fig.4 -button "Add") . The created environment can run in 2 modes. The first one is determined for the experiment administrator. Here one can set a new experiment, enter experiment description, upload related Matlab files and activate the prepared experiment for online running. The second mode is devoted to the experiment by itself. It can be realized as a virtual simulation or in the form of remote participation in the laboratory. In this paper our attention is devoted to the remote realization.
The remote control of the plant consists in the initialization of the connection with Matlab, initialization and starting the simulation, getting results and closing the session. The user can see results using the dynamic graph and after simulation he or she can download experimental results to the local file.
The graphical user interface for the experiment control is shown in Fig.5 . In the illustrated example we controlled a temperature in the plastic cylinder whereby we used a classical PID controller. The student receives a predefined set of controller parameters and his or her task is to improve performance of results. In addition, the interested user is offered by the possibility to change the default control algorithm. The modification of the control structure can be accomplished by the change of Simulink block scheme. The remote user can upload 2 files to the server: one for the modified block scheme with predefined inputs and outputs (mdl file) and one for the numerical values of parameters (mat file) (Fig.6) . To prevent a possible harm from the side of remote users we decided that they will be forbidden to use "Matlab Function" and "S-function" blocks in the Simulink block scheme. Remote users are allowed to use only blocks where it is not possible to run any command that could execute some external program. For interactive visualization of results it was necessary to choose a suitable graphical data format. It has to be standardized and supported by web browsers. We decided to use very promising SVG format because it is a vector format and thanks to its XML structure it can be easily modified, zoomed, animated, etc.
CONCLUSIONS
Many approaches to the remote control use the engine of very popular Matlab simulation software package. It facilitates the whole design procedure because it is necessary to take care only about the communication via Internet and not about computations and tasks that could be accomplished by Matlab, e.g. the numerical methods needed for simulations.
One way how to realize the Matlab based remote experiment was demonstrated in this paper. It is to note that the main attention was dedicated to the possible technology. Nevertheless building the remote experiment requires to solve still some complementary tasks like an administration of experiment or its safety issues. The administration should ensure that in each moment only one user can approach the real device and that everybody will have time to accomplish own experimental work. Then, it is always important to protect the equipment from the possible damage and to protect people close to the place where the experiment runs. Solving these questions shouldn't be omitted.
